Background: During the preparatory phase of the baseline survey of the IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study, standardised survey procedures including instruments, examinations, methods, biological sampling and software tools were developed and pretested for their feasibility, robustness and acceptability. Methods: A pretest was conducted of full survey procedures in 119 children aged 2-9 years in nine European survey centres (N per centre ¼ 4-27, mean 13.22). Novel techniques such as ultrasound measurements to assess subcutaneous fat and bone health, heart rate monitors combined with accelerometers and sensory taste perception tests were used. Results: Biological sampling, physical examinations, sensory taste perception tests, parental questionnaire and medical interview required only minor amendments, whereas physical fitness tests required major adaptations. Callipers for skinfold measurements were favoured over ultrasonography, as the latter showed only a low-to-modest agreement with calliper measurements (correlation coefficients of r ¼ À0.22 and r ¼ 0.67 for all children). The combination of accelerometers with heart rate monitors was feasible in school children only. Implementation of the computer-based 24-h dietary recall required a complex and intensive developmental stage. It was combined with the assessment of school meals, which was changed after the pretest from portion weighing to the more feasible observation of the consumed portion size per child. The inclusion of heel ultrasonometry as an indicator of bone stiffness was the most important amendment after the pretest. Discussion: Feasibility and acceptability of all procedures had to be balanced against their scientific value. Extensive pretesting, training and subsequent refinement of the methods were necessary to assess the feasibility of all instruments and procedures in routine fieldwork and to exchange or modify procedures that would otherwise give invalid or misleading results.
Introduction
The IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study is a 5-year multilevel epidemiological approach within the Sixth European Union Framework Programme. 1 A multicentre study of children aged 2-9 years was established in eight European countries to investigate the aetiology of obesity and related disorders. Standardised instruments were developed to measure the impact of energy and nutrient intake, food preferences, physical activity and physical fitness, psychosocial factors, consumer behaviour and genetic factors on body mass index, body composition, bone stiffness and physiological markers. 2 Before the European baseline survey, a pretest was conducted in all eight survey centres (Belgium, Cyprus, Estonia, Italy, Germany, Hungary, Spain and Sweden). In addition, the pretest was conducted in a small Greek sample. An overview of the number of participants and the time frame of the pretest is given in Table 1 .
To test the feasibility, robustness and acceptability of all instruments, procedures and examination methods, most survey modules 3 were tested according to the following criteria: handling and practicality of all devices, total time needed per child/examination and the children's acceptance of the different measurement devices and procedures. This paper offers an extensive overview of all tested procedures and devices, including the rationale for each measurement. Specific measures are described in more detail, especially those that are innovative or were adapted for the examination of children.
A detailed overview of all tested instruments is given in Table 2 .
The pretest results and modifications or refinements for each instrument are presented in detail and the discussion addresses pitfalls and the lessons learnt from this pretest. 
Body Height/SECA (SECA GmbH & Co., KG, Hamburg, Germany) Subcutaneous fat/BodyMetrix BX2000 X X F X X X X X X 8
Subcutaneous fat/Holtain skinfold calliper
Sensory taste perception X F F X X F X F X 5 Bone stiffness/Achilles InSight (GE Medical Systems Lunar, Madison, WI, USA) (added after pretest)
Materials and methods
The first 12 months of the project were dedicated to the development, testing, modification and retesting of all survey instruments. The first steps included local training on all procedures and local pretests in small samples of children and their parents. During this phase of the pilot study, feasibility and reliability of all instruments, procedures, the standard operation procedures, the documentation of measurement results and the overall time frame of each measurement were of major interest, and the survey data for analysis of minor interest. The selection of methods built upon the experiences of other large multicentre studies in children and adolescents; for example, KiGGS (The German Health Interview and Examination Survey for Children and Adolescents) 4, 5 and the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study. 6 Furthermore, a set of studies conducted earlier by partners of the IDEFICS consortium were pooled and analysed in the first year of the IDEFICS study 7 to provide a decision platform for method selection. For the pretest, each survey centre recruited a convenience sample including children from the two targeted age groups, who were children 2-6 years (kindergarten/preschool children) and 6-9 years (school children) of age. The survey centres were asked to ideally sample the same number of children in both age groups, although this was not closely monitored. Recruitment criteria for the baseline survey were based on recruitment via settings, wherein all children who were enrolled and examined had to attend a certain kindergarten group or school class. This was important for evaluation of the effect of the intervention programme during the follow-up surveys (T1 and T2). 8 All participants had the option to refuse any examination at any time; each procedure required the written informed consent of the parents and the oral confirmation of the child directly before the test/measurement started. Table 3 specifies the calculated time slots for each test module, both before and after the pretest. Overall, a duration of 157 min was anticipated per child.
A description of all measurements from the pretest is provided in Table 4 , with a list of variables derived from these measurements provided in Ahrens et al. IDEFICS study: design and results of the pretest M Suling et al
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Selected measurements
Parental questionnaire and children's eating behaviour. The questionnaires (parental questionnaire including the children's eating habits section and the medical interview) were tested with respect to comprehensibility, length, structure and acceptance by the parents. The parental questionnaire was best understood as an instrument for investigating food consumption and lifestyle behaviours associated with overweight, obesity and general health in children. The behavioural questions of the parental questionnaire were designed to elicit various aspects of dietary behaviours and family beliefs regarding diet, day care, family lifestyle, well being of the child, consumer behaviour and socioeconomic background of the family. The food-frequency element was specifically concerned with the frequency of consumption of foods and identification of non-consumers. It was designed for use in families of a widely differing cultural background, taking into account that the respondent was always a proxy of the child (parent or caregiver). It was important to produce an instrument that was quick to complete and easy Used in large prospective studies with adults, but never used in children 61, 62 Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; CHEQ, Children's Eating Habits Questionnaire; IDEFICS, Identification and prevention of dietary-and lifestyle-induced health effects in children and infants; SACINA, Self Administered Children and Infant Nutrition Assessment; SOP, standard operation procedure; 24-hdr, 24-h dietary recall. All instructions, SOPs, documentation of results and the overall timeframe of the measurement were critically reviewed for every instrument and are not mentioned in each case.
IDEFICS study: design and results of the pretest M Suling et al to understand by parents and guardians irrespective of their educational level and cultural background, and which produced unambiguous and scientifically useful responses.
Computer-based 24-h dietary recall and school meal assessment. The SACINA ('Self Administered Children and Infant Nutrition Assessment'), a computer-based self-completion instrument with an interactive module to select mealspecific portion sizes, was developed to assess absolute nutrient and energy intake, the percentage contribution from food and drinks to total energy and nutrient intake, as well as portion sizes and food groups among the children in IDEFICS. It is based on the YANA-C ('Young adolescents' nutrition assessment on computer) system. 10, 11 The SACINA 24-h dietary recall (24-hdr) assessed dietary intake of the previous 24 h, recalling the type and amount of all food and drinks consumed during the previous day, starting with the first intake after waking up on the previous day. The programme consisted of a single 24-hdr and was structured according to six meal occasions: breakfast, mid-morning snack, lunch, afternoon snack, evening meal and evening snack. Choice of portion size was assisted by the display of photographs of selected meals. The proxies were asked to complete the questionnaire on three non-consecutive days, including 1 weekend day. This innovative software tool was tested as a working beta version; hence, the focus was on usability of the software, especially the time required for completion of the 24-hdr. Moreover, the completeness of the food item list was under critical review, especially for country-and children-specific foods and brands. For children having lunch in the school/preschool canteen, meals, drinks and snacks were assessed using a standardised observer sheet completed by trained personnel the day before the 24-hdr. 12 This procedure was designed to
give results of a level of detail comparable to the 24-hdr (SACINA). The children were observed by survey staff, teachers or pedagogues while eating, and the amount eaten by each child was recorded for each meal per child and day.
Manual skinfold calliper versus ultrasonography. The widely acknowledged standard device for the assessment of subcutaneous fat to determine body composition is a manual skinfold calliper, requiring a high level of training and experience. Advantages and disadvantages are listed in Table 4 . To overcome those disadvantages, a new alternative was evaluated during the pretest: measuring subcutaneous fat by ultrasonography using the BodyMetrix BX2000 (IntelaMetrix Inc., Livermore, CA, USA) device. 13, 14 The expected advantages of the automated measuring process that were expected were reduced observer bias and a good acceptance in young children. Data can be stored automatically in a database by connecting to a computer, thus reducing both the workload of data entry and data entry errors or missing values. The main anticipated problem was the low level of experience with this technique, resulting in the need for special training with all study nurses involved. Skinfold measurements were taken at three body sites (subscapular, triceps and suprailiac crest) using both devices during the pretest according to the guidelines of the International Society for the Advancement of Kinanthropometry (ISAK), 15 and a small comparison study (including additional data from 50 adults) was conducted to have better insight into which device to use: the standard device or the new approach.
Accelerometers. To obtain an objective and appropriate assessment of physical activity and sedentary behaviour, the use of accelerometers is desirable. 16, 17 Each child was asked to wear the device for a period of 3 consecutive days in total, including 1 weekend day. The device was worn with a belt on the right hip, underneath the clothes, during waking hours, excluding periods of exposure to water (showering, swimming and so on). Two different types of uniaxial accelerometers, ActiGraph (ActiGraph LLC, Pensacola, FL, USA) and ActiTrainer (ActiGraph LLC), were tested. The main difference between the devices is a broader range of functionalities in the ActiTrainer, which can be combined with a wireless Polar (Polar Electro Oy, Kempele, Finland) belt to simultaneously monitor heart rate, which was particularly relevant during the shuttle-run test to obtain the heart rate for an estimation of energy expenditure. The downside of the ActiTrainer is the larger dimensions of the device, greater weight and the discomfort of wearing a chest belt for 3 days. It was interesting to learn which device was suitable for which age group, if unwanted technical interferences between multiple devices and polar belts would occur and if the selected 15-s epoch was appropriate.
Sensory taste perception. In an innovative approach, the IDEFICS study investigates the role of sensory taste perception, including taste sensitivity and taste preferences, in relation to obesity and possible interplay with genetic factors. Standardised methods, commonly used by the food industry to assess acceptance of new food products, need to be adapted for use on children. 18 For the measurement of taste preferences, the children were offered two glasses, one filled with cherry juice with its normal taste and the other filled with cherry juice with an added taste component. The basic taste was tested pairwise against added sugar or sugar plus aroma. Children were instructed to choose the one that they liked more than the other. Crackers were tested in a similar manner, offered with basic taste, added salt, added fat and added monosodium glutamate.
Taste threshold values were assessed for four basic taste qualities, using four tastes: sweet (sucrose), salty (sodium chloride), bitter (caffeine anhydrous) and umami (monosodium glutamate) dissolved in demineralised water. All tastants were of food grade. Each taste quality was presented to the children in the order of four increasing concentration steps. The children were then instructed to compare each test solution with a known blank (water). For each concentration, they had to decide whether it was neutral 
Results
A total of 119 preschool and school children were enrolled in the pretest, ranging from 4 to 27 children and a mean of 13.22 per centre. Further details are displayed in Table 1 . A considerable number of documents and procedures required no or only minor revisions after the pretest, namely the medical interview, the measurement of body height, all circumference measurements and the instructions for the point-of-care analysis.
All other procedures were changed substantially and retested afterwards, where possible. Table 5 shows a complete overview of the instruments and modifications made after the pretest.
Parental and children's eating behaviour questionnaires
The major modification undertaken was the separation of the parental questionnaire into two shorter sections: the core parental questionnaire and the Children's Eating Habits Questionnaire (CEHQ). Between the pretest and the baseline survey, meetings between centre nutritionists and the IDEFICS diet-coordinating centre were held on several occasions to discuss progress and consider proposed changes to the questionnaire. The main aims of this post-testing phase were to determine whether the food groups contained in CEHQ were able to adequately capture the foods and food preparation methods used by the children's parents, and to check that all CEHQ questions were easy to comprehend. Suggestions to change wording to ensure clarity and modify food groups to accommodate local dietary habits were made at this stage and many suggestions were incorporated into the final version.
Computer-based 24-hdr and school meal assessment For the completion of one 24-hdr on the computer, the parents needed technical assistance and more time than expected; almost all centres reported that they needed almost twice the time anticipated (15 min, see Table 3 ). The food item lists did not cover local food habits satisfactorily, and the interface of the software, especially the menu structure and the food grouping, was too complicated and counterintuitive. Further, various functionalities, text blocks or other features were still missing or incomprehensible. In addition, it turned out that a major effort was needed to get three full dietary recalls from all parents, which was problematic because of time and budget constraints.
Besides many improvements regarding the layout of the software, the main objectives were to collect only one 24-hdr in the full survey sample, a second 24-hdr in a 20% subsample and optional further recalls. In terms of data quality, all centres continuously had to update their national food item lists, portion sizes and pictures. The school meal assessment via observer recording remained unchanged.
Manual skinfold calliper versus ultrasonography
For the comparison analysis of subcutaneous fat measurements by Holtain (Holtain Ltd., Crosswell, Crymych, UK) skinfold calliper and BodyMetrix, both devices were tested in parallel in three study centres. The decision was not to focus on the absolute values, as those could not be validated, but to calculate a Pearson correlation between the measurement results of both methods to determine whether the two devices deliver comparable results. A total of 124 individuals, that is, 74 children (34 female and 40 male) and 50 adults (25 female and 25 male), were measured with both devices. The data on adult subjects were included simply as a data source for comparison. The analysis was conducted after stratification for age group.
For each individual and device, two to six values per measuring site were obtained. Subscapular and triceps skinfolds were mandatory and taken on all 124 individuals; the suprailiac skinfold was optional and was obtained on 58 subjects. For each individual, mean values per site and device were calculated. For each site, Pearson's correlation coefficients between the individually derived mean values of measurements with the manual calliper and those with the ultrasonographic device were derived to get an impression of their comparability (Table 6) .
Measurements showed moderate-to-high correlations in adults between both devices, ranging from r ¼ 0.43 to r ¼ 0.95, where all coefficients were significant for a ¼ 0.05. Further, the results for school children were convincing for most measurement sites, with correlations from r ¼ 0.35 to r ¼ 0.81 partly significant. The results for kindergarten children were considerably lower, with correlations from r ¼ À0.01 to r ¼ 0.50, where the suprailiac was the site with the highest correlations. Further analyses stratified for sex showed no clear pattern between male and female participants, although it seemed that correlations for female subjects tended to be lower for subscapular and suprailiac measurements. Pooled analyses for all children not stratified by age yielded only moderate coefficients, ranging from r ¼ 0.22 to r ¼ 0.67 for all children and r ¼ 0.18 to r ¼ 0.68 for all participants. Results for all children and for children by age group are depicted in Figure 1 .
Furthermore, intra-individual variance was calculated for each site and device. As there were only two to six measurement values, these results should only be regarded as exploratory indicators of the reliability of the measurement method. To evaluate the intra-individual sample variances, range and median of the variances were calculated IDEFICS study: design and results of the pretest M Suling et al
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Our results showed only a low-to-moderate correlation between manual callipers and the ultrasonographic device, especially for the younger children. Measurements with Bodymetrix were difficult to obtain in small children, and the instructions provided by the manufacturer were considered not detailed enough. An overall problem for most centres was the software, only available in German and originally designed for measurements in adults, containing plausibility checks for age, height and weight, and featuring a user interface and data-saving structure that did not meet the requirements of the IDEFICS study. Manual callipers were uncomplicated in the younger age group. To increase compliance with international standards, stronger adherence to the guidelines of the ISAK 15 was necessary in some centres. The survey procedures were adjusted according to these guidelines. On the basis of the analysis described above, the substantial software problems and the fact that some centres already had long-lasting experience with manual callipers, it was decided to continue the study with the manual callipers.
Accelerometers
As expected, the overall acceptance of the accelerometers was good; the compliance for 3 consecutive days including 1 weekend day wear time was usually high, as the devices were popular among children. There were sporadic reports from two centres that parents faced difficulties in ensuring that the device was worn for 3 days and/or for the whole waking period. The ActiGraph was well accepted, but the ActiTrainer was considered too bulky for use in kindergarten children. The chest belts for the heart rate measurements were too large for the small children's chests, causing possible errors during data recording. The best on-site solution during the pretest was to manually shorten belts by needle and thread. It was agreed with the manufacturer to produce shorter belts for children. Sporadically, parents declared that their children had developed rashes from the Polar belts; however, after washing the belts regularly in the washing machine, the rashes disappeared. Furthermore, concerns regarding the reliability of the measured heart rates arose; some devices seemed to produce implausible values: Some Polar belts connected to the nearest accelerometer, which was not necessarily the correct one, when children sat close together. Further, some devices were not initialised with the required setup, delivering IDEFICS study: design and results of the pretest M Suling et al incorrect values. The instructions on how to connect and set up the devices were refined to avoid these problems. Because of the size and weight of the ActiTrainer, it was decided to use the combination of this larger device and the heart rate monitor only in school children. Kindergarten/preschool children were equipped for 3 days with ActiGraphs.
Sensory taste perception
The game-like character of the sensory tests enhanced their acceptance in children and they were motivated to do their best. Nevertheless, the reliability of the answers in the younger age group seemed very doubtful, as the observers got the impression that young children's answers were not based on the experienced taste sensation but rather on guessing randomly or wanting to please the observer; sometimes they refused to taste the solutions or did not taste anything, even in the highest concentrations. This is illustrated in Table 7a and b, in which results from 44 children, both kindergarten and school, from Germany, Italy and Spain are presented. Consequently, the sensory taste perception module was restricted for use in school children. No differences in taste sensation between boys and girls could be found during the pretest. The essential instructions on how to prepare the test solutions for threshold testing were unclear and modified after the pretest. The concentration in the different taste All children Figure 1 Scatter plots of subcutaneous fat measurement results using manual callipers against an ultrasonographical device on three different measurement sites.
Results are presented for all children and stratified by age group.
IDEFICS study: design and results of the pretest M Suling et al levels was also adjusted, as the concentrations for sweet, salty and bitter seemed to be too high during the pretest: Many children recognised the difference compared with neutral water already on level 1. During this adjustment step, the granularity of concentration levels was also improved through the addition of a fifth level of concentration. As children were not accustomed to drinking cherry juice, it was replaced by apple juice.
Discussion
There is an increasing interest for assessing the possible risk factors for childhood obesity to decelerate this growing public health concern. In this paper, we review how instruments, documents and procedures suitable for largescale population-based surveys need to be designed to guarantee high acceptance, data quality and validity. We considered the design of the survey procedures and instruments with respect to suitability and ethics for use in small children and their robustness against observer effects. The core instrumentFthe parental questionnaireFwas most important, as its completeness was (besides body height and weight) essential for fulfilling the inclusion criteria. Reproducibility of the IDEFICS parental questionnaire and food-frequency data was tested later. 19, 20 After the post-pretest adaptations, the questions were more understandable and the food items easy to recognise, irrespective of educational or cultural subgroup; questions were accompanied by explanations and specific local examples. The number of questions necessary to provide answers to the study questions was balanced against the need to keep the questionnaire as short as possible so as to ensure the highest possible response proportions and data quality. The parental questionnaire was divided and the CEHQ became a separate questionnaire. As it has been amply documented in the literature, 21, 22 previous experiences showed that, if a duration of more than 20 min was required to complete a questionnaire, respondents became tired and the reliability of answers to questions towards the end of the questionnaire deteriorated sharply. The 24-hdr method has been used in different large-scale surveys (for example, the European Prospective Investigation into Cancer and Nutrition calibration study, National Health and Nutrition Examination Survey and different national food consumption surveys) and has been recommended as a dietary assessment method for use in pan-European food consumption surveys. 23 However, it is rarely applied as a proxy instrument, as was planned for the IDEFICS study, which posed additional challenges to its development and application. The SACINA software can be administered in different ways (for example, as a face-to-face interview or as a self-administered interview) to collect dietary intake information. 24 The instrument was useful for characterising the mean intakes of children, as it did not influence the child's eating behaviour but encouraged socially desirable answers of the parents. Reporting accurate intake offers a challenge to parents, which may lead to under-or over-reporting of food and nutrient intakes. 25 Even though socially desirable answers of parents are not associated with reporting bias, 26 they tend to under-report their child's dietFespecially when their child is overweight, which may cause more nondifferential errors (under-or over-reporting) of self-administered recalls. When summarising the different evaluation and validation studies regarding the 24-hdr method, it was clear that despite a possible degree of under-and sometimes Abbreviations: f, female; F, failure: child refused to taste the solutions; m, male; N, no result: child did not taste anything other than water for all four test solutions.
IDEFICS study: design and results of the pretest M Suling et al over-reporting this type of dietary assessment method was found to be one of the most accurate methods (mainly when using computer-assisted administration, taken by an interviewer). However, it was noteworthy that the accuracy of this method depended significantly on the characteristics of our study population. One major decision after the pretest regarding biological samples was the abdication of cryoboxes being mandatory for storage to save costs, permitting the use of bags instead. 27 This generated substantial extra workload in the central laboratory and the coordination centre, because bags filled with tubes could not be handled efficiently. This increased personnel costs by multiples of the saved material costs. Eventually, cryoboxes had to be ordered and all tubes had to be resorted manually into cryoboxes, which delayed the analysis of these samples. It turned out that the decision to allow for cryobags resulted in about 5.5 extra person-months of labour and did not save material costs.
Because of the size and weight of the ActiTrainer and the heart rate monitor, we decided to use it only in school children. Even though physical activity can be measured using a questionnaire in school children, 28, 29 validation against other methods is important, especially for assessment in younger children. For that reason, it was important to keep the devices and not replace them with a questionnaire. Both devices reduce the subjectivity inherent in survey methods and can be used with large groups of individuals, 30 especially when the acceptance in children and adolescents is questionable. 31 The pretest revealed that the ordering of small belts or tightening larger belts was required for use in kindergarten children to guarantee data quality. 32 Adaptation of the sensory perception module was compulsory after the pretest. This task was unsuitable for kindergarten children, even though Guinard 33 suggests that children between 2 and 4 years of age can consistently perform a paired preference test, similar to that applied in IDEFICS. In our experience, children 5 years of age can detect diverse tastes but cannot give repeatable results: the taste perception in this age group is inherently variable over longer periods of time. 34, 35 During the pretest, we found that children over 6 years of age performed discrimination tasks such as the paired comparison more reliably, which has been reported previously. 33 For this reason, we decided to restrict this test to school children. Overall, pretesting the procedures and instruments in the IDEFICS study was important before setting up the surveys. The survey staff appreciated the possibility to get accustomed to all examinations and instructions, the various devices and the practical use of documentation sheets. From a scientific perspective, the pretest was also crucial to determine the feasibility of tests and examination modules to guarantee consistently high response rates during the baseline and follow-up surveys. In addition, data quality was our concern, especially as the development of numerous documents and instruments was not finalised by the time the pretest started. Apart from the reasons mentioned above, logistical (customs and shipment) problems became evident and were often time-consuming, being influenced by various external factors and difficult to predict. Major delays resulted from misdirecting the accelerometers from the United States to diverse European countries before they reached their target country. Different country-specific custom regulations for electronic devices or biological material should be considered during the development of the study budget.
Conclusion
The pretest and local training turned out to be an important step for assuring high data quality and for improving standardisation in this multicentre study. Central training to introduce all standard procedures and examinations to the trainers from all centres was foreseen before the baseline survey but not before the pretest. On the basis of our experience, we would highly recommend central training before the pretest as well, as some difficulties arose from the fact that the local staff was not always perfectly acquainted with the measurement devices.
As expected, modification and retesting of most instruments and procedures after the pretest enhanced the workload and required additional personnel. As reported by Buller et al. (2008) , delays during this phase of the programme schedule may result in an extension between pretesting and implementation of a programme. This may cause loss of participants and valuable data. 36 In the case of IDEFICS, information on season-specific eating and activity behaviour of the children would have been lost. It is recommended to consider the possibility of delays as part of the development of instruments and procedures, and to foresee sufficient resources in the planning stage of a study. To our knowledge, this is the first report of a pilot study to assess the robustness, feasibility and acceptability of all survey procedures in a large-scale pan-European child health study in the context of the need to balance the practicality of measurements against their scientific value. The operational procedures and instructions were improved to fulfil the requirements of the fieldwork of the IDEFICS surveys 9 and such a pretest could be considered 'a conditio sine qua non' of a high-quality epidemiological study. We hope that this report will help other investigators, scientists and field workers to plan their epidemiological survey. 
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